Background: While black mothers initiate human milk (HM) provision at lower rates than non-black mothers in the United States, some neonatal intensive care units (NICUs) report similar initiation rates regardless of race/ ethnicity for mothers of very-low-birth-weight (VLBW) infants. However, racial disparity frequently becomes evident in the proportion of black infants who continue to receive HM feedings at NICU discharge. Since social factors have been associated with differences in HM provision for term infants, we sought to identify differences in social factors associated with HM feeding at discharge based on race/ethnicity. Materials and Methods: A prospective cohort study of racially diverse mothers of VLBW infants measured social factors including maternal education, breastfeeding support, return to work/school, HM feeding goal, previous breastfeeding, or formula experience. Multivariate logistic regression modeling was applied to social factors to predict HM feeding at discharge. Additional regression models were created for racial/ethnic subgroups to identify differences. Results: For all 362 mothers, WIC (Special Supplemental Nutrition Program for Women, Infants, and Children) eligibility and maternal goal near time of discharge of providing any HM negatively and positively predicted HM feeding at discharge, respectively. Perceived breastfeeding support from the infant's maternal grandmother negatively predicted HM feeding at discharge for black mothers. Conclusions: Future interventions to increase duration of HM provision in VLBW infants should focus on the establishment and maintenance of maternal HM feeding goals. Further studies of the familial support system of black mothers are warranted to determine multigenerational impact and potential interventions.
Introduction

I
n the United States, black (non-Hispanic) women give birth to very-low-birth-weight (VLBW, birth weight [BW] <1,500 g) infants 2.6 times more often than nonHispanic white women, 1 yet significantly fewer black premature infants receive human milk (HM; breast milk from own mother) compared to non-black premature infants. 2, 3 Since HM reduces the risk of prematurity-associated complications, including infections, necrotizing enterocolitis, rehospitalizations, and neurodevelopmental delay in a doseresponse manner, 2, [4] [5] [6] [7] this racial disparity increases the risk of potentially preventable complications for black VLBW infants. This racial disparity also reduces black mothers' dose-related benefits of lactation, such as reduced risks of breast and ovarian cancer, diabetes, hypertension, and myocardial infarction. 8, 9 Some neonatal intensive care units (NICUs) have successfully reduced racial disparities in HM initiation by mothers of VLBW infants. 10, 11 However, higher initiation rates do not translate to a sustained reduction in disparities because fewer black mothers continue to provide HM to their VLBW infants at the time of NICU discharge. 3 In our recently completed prospective cohort study, 98% of 430 VLBW infants born to racially diverse mothers (52% black, 19% white, 27% Hispanic, 2% other) received some HM. As NICU discharge approached, 78% of black mothers indicated that their feeding goal was to provide HM, 12 but only 28% of their infants were discharged receiving any HM versus 50% for non-black mothers. These data compel an examination of modifiable and nonmodifiable barriers, including NICU and non-NICU factors, which impact the duration of HM provision for this vulnerable population.
Non-NICU factors, for example, those that are independent of NICU lactation resources, may include neighborhood structural factors 13 or social factors. Studies of social factors and lactation in mothers of term and preterm infants suggest differences in prevalence of these factors among different racial/ethnic groups, including the following: (1) previous experience with HM feeding in mothers of preterm infants, 14, 15 (2) previous experience with formula feeding in mothers of term infants, 16 (3) return to work/school in mothers of preterm infants, 15, 17 (4) the role of social support of breastfeeding and pumping in mothers of preterm infants, 17, 18 (5) HM provision goal in mothers of term and preterm infants, 14, 19 (6) maternal education in mothers of preterm infants, 15, 18 and (7) public perception and attitudes on breastfeeding. 20 Our objective was to determine whether specific social factors contributed to the disparity in rates of VLBW infants receiving HM at the time of NICU discharge.
Materials and Methods
This is a secondary analysis of a prospective cohort study of mothers of 430 VLBW infants who were admitted between February 2008 and December 2012 to Rush University Medical Center's (RUMC) level III NICU. The exclusion criteria have been described previously 6, 7, 21 ; HM feeding was not a prerequisite for study participation. As per standard practice, all mothers received the same lactation care by employed NICU-specific breastfeeding peer counselors, all of whom are former NICU parents and represent the racial/ ethnic composition of the patients cared for at RUMC. 22 All mothers initiated pumping with a hospital-grade pump, were able to rent a hospital-grade pump with subsidized payment when discharged from the hospital, and had access to a complimentary weekly taxi service to bring them to the NICU. Informed consent was obtained from mothers for themselves and their infants.
Although both infant and maternal data were prospectively collected, the original cohort study examined infant outcomes and costs of NICU care. 6, 7, 21 The prospectively collected data included maternal age, highest education level (completed less than high school, high school, less than 4-year college, 4-year college or graduate degree), self-stated race/ethnicity (non-Hispanic black [black], non-Hispanic white [white], Hispanic, other [six Asian, one Native American]), marital status (dichotomous), and Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) eligibility (dichotomous). 23 Since Asian mothers comprised a very small proportion of the cohort and had similar socioeconomic characteristics and breastfeeding rates 24 to the white mothers in the cohort, Asian and white mothers were combined in analyses. The one Native American mother was excluded.
Questionnaires were prospectively administered by research assistants to collect longitudinal feeding goals, 12 previous breastfeeding and formula feeding experience, plan to return to work or school after infant's birth, number of children in the household, and social support and nonsupport for breastfeeding and pumping (both as a dichotomous variable and identification of supportive/nonsupportive person). The number of collected feeding goals varied based on visitation patterns and discontinuation of feeding goal query once goal changed to ''no HM,'' and reasons for changing goals were not collected. The latest available feeding goal was used as the maternal goal near the time of discharge. Prospectively collected infant data included BW, gestational age (GA), gender, multiple gestation, and daily intake (mL) of HM and formula from birth to NICU discharge. HM feeding at discharge was determined by the infant's feedings on the last full day of hospitalization, classified as exclusive HM (only fortified or unfortified HM, no formula), partial HM (some HM and some formula), or no HM (only formula).
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The following social factors were examined in relation to HM feeding at discharge: for multiparous subjects (1) previous experience with HM feeding, (2) previous experience with formula feeding; for all subjects (3) return to work/ school, (4) friend/family/peer support or nonsupport of breastfeeding and pumping, (5) HM provision goal near time of discharge from the NICU (any HM or none), and (6) maternal education.
Data analyses
Descriptive statistics include mean -standard deviation and n (%). Data were analyzed using chi-square or the MannWhitney U test. Correlation coefficients (point-biserial, Spearman's rho, or phi as appropriate) were computed to assess the relationship between each social factor and HM at NICU discharge. Initially, social factors were regressed on HM feeding at NICU discharge for the entire cohort using multivariate logistic regression, controlling for maternal age, race/ethnicity, WIC eligibility, baseline employment/student status, marital status, number of children in household, infant BW, GA, gender, and length of NICU hospitalization. A separate analysis considered only multiparous mothers. To identify social factors that may be unique by racial/ethnic groups, bivariate and multivariate analyses were repeated separately for the three racial/ethnic subgroups. Analyses were conducted using SPSS version 22 (IBM Corp, Armonk, NY). Significance was set at p < 0.05 for all analyses.
Results
Of 430 enrolled mothers, 362 with complete data were included in this analysis (Fig. 1) . Exclusion criteria included infants who died before NICU discharge (n = 7), family residence >150 miles from the NICU or outside Illinois (n = 5), multiple VLBW infants born to the same mother in separate pregnancies and enrolled in the study during the 5-year study period (n = 3), Native American (n = 1), and incomplete data (n = 52). The excluded mothers were similar to included mothers for race/ethnicity ( p = 0.43) and all other characteristics, except excluded mothers were more likely to have a male infant ( p < 0.05) with higher BW (1,126 -261 g excluded versus 1,035 -252 g included, p < 0.05), and were less likely to provide any HM during NICU stay (90.2% excluded versus 98.6% included, p < 0.001) or have a goal, near discharge, of providing exclusive HM (28.6% excluded versus 47% included, p < 0.05). Table 1 summarizes maternal and infant characteristics and social factors for the 362 mother-infant dyads and by race/ ethnicity subgroups. Feeding goals were assessed 3 [2] [3] [4] [5] (median [interquartile range]) times per mother with the maternal goal near discharge assessed at infant's day of life 37 . Among all mothers, black mothers were significantly younger and less likely to be married, provide HM at NICU discharge, and have support from family/friend/partner. Hispanic mothers were significantly less likely to have been employed or been a student before delivery or to have a plan to return to work or school, and more likely to have less than a high school education. Among multiparous mothers, black mothers were significantly less likely to have experience with breastfeeding.
Correlations with HM feeding at discharge for entire cohort For the entire cohort, significant correlations were found between social factors and HM feeding at discharge. Positively correlated social factors included older maternal age (r = 0.26, p < 0.001), Hispanic ethnicity (r = 0.14, p = 0.006), being married (r = 0.31, p < 0.001), higher level of maternal education (r = 0.19, p < 0.001), and having a goal of any HM near discharge (r = 0.31, p < 0.001). Negatively correlated social factors included black race (r = -0.22, p < 0.001), WIC eligibility (r = -0.34, p < 0.001), previous experience with formula feeding (r = -0.12, p = 0.023), and additional children in the household (r = -0.14, p = 0.010). Overall, neither friend/family/peer support nor nonsupport of breastfeeding was significantly correlated with HM feeding at NICU discharge. When examining the specific person who was supportive (e.g., infant's father, mother's sister, mother's mother), only support of the mother's mother (infant's maternal grandmother) was significantly correlated with HM feeding at NICU discharge, although in a negative manner (r = -0.13, p = 0.013).
Multivariate binary logistic regression analysis for entire cohort
We found that the strongest predictor of HM feeding at NICU discharge was the maternal goal of any HM near discharge (OR 8. FLEURANT ET AL.
( Table 3) , but varied by racial/ethnic subgroup. However for all subgroups, being married and having a goal of any HM near discharge were positively correlated with HM feeding at NICU discharge, whereas WIC eligibility was negatively correlated. Again, neither friend/family/peer support nor nonsupport of breastfeeding was significantly correlated with HM feeding at discharge.
Multivariate binary logistic regression analysis for racial/ethnic subgroups
Although neither support nor nonsupport of breastfeeding was correlated with HM feeding at discharge in subgroup analyses, the specific support person was included in subgroup multivariate logistic regressions because support by the mother's mother in the multivariate analysis was significant for the entire cohort. For black mothers, support from the mother's mother (OR 0.27 [95% CI 0.11-0.68], p = 0.006) and maternal goal of any HM near discharge (OR 25.80 [95% CI 4.27-155.71], p < 0.001) significantly predicted HM feeding at NICU discharge. For Hispanic mothers, maternal goal of any HM near discharge was a significant predictor of HM feeding at NICU discharge (OR 15.42 [95% CI 2.49-95.67], p = 0.003), while no significant factors were identified for white mothers.
Discussion
In our diverse urban cohort, the most significant predictor of HM feeding at NICU discharge was a maternal goal of any HM near discharge, a finding that was consistent for the entire cohort, racial/ethnic subgroups, and multiparous subjects. This finding agrees with previous research that has shown that predetermined goals or intent to provide HM is one of the strongest predictors of HM provision for mothers of both term and preterm infants. 14, 19, 25, 26 However, these studies vary in the timing for measurement of breastfeeding intent and range from once prenatally to serial measures over a longer interval.
In a review based on the Pregnancy Risk Assessment Monitoring System data from 2000 to 2003, predelivery breastfeeding intent was the strongest predictor of initiation, although the sample differed significantly from our study with the majority being white mothers of term infants. 19 A separate study of primarily white mothers who received WIC benefits and completed a survey ‡6 months postdelivery found that prenatal intent was strongly associated with initiation, but not duration of breastfeeding. The study did not provide details about whether preterm births were excluded, the timing of maternal surveys, and may have been limited by recall bias. 26 In a NICU study of mothers of term and preterm infants, mothers who provided HM for greater than 4 months postdischarge were twice as likely to have a preset plan to breastfeed compared to other mothers, although the timing for measurement of breastfeeding intent was not specified. 14 A limitation in previous studies is the overall lack of consistency in the timing for measuring HM provision goals. Previous studies by our research team have found that mothers of VLBW infants change HM provision goals multiple times over the course of the NICU hospitalization. 12 We recently reported that fewer black mothers of VLBW infants had a prenatal goal of HM provision, but changed this goal in the early postbirth period such that racial/ethnic differences disappeared by day of life 15. Furthermore, these HM provision goals continued to change over the NICU hospitalization with exclusive HM provision goals decreasing for all racial subgroups. However, in the last measured HM provision goal before NICU discharge, no racial/ethnic differences were noted and black mothers indicated that they wanted to continue to provide HM at rates comparable to non-black mothers. These findings highlight the dynamic nature of HM provision goals in mothers of VLBW infants and indicate that maternal goal-setting is not a static event. Thus, our study, which includes a median of three prospective HM provision goal measurements per mother, differs importantly from other research that has incorporated only a single measure, oftentimes assessed prenatally and retrospectively.
An unexpected finding in this study was that support for breastfeeding from the mother's mother was negatively associated with HM feeding at discharge for the entire cohort as well as for the black subgroup. Fabiyi et al. found that, while support may not have a significant effect on HM initiation in NICU mothers, lower levels of support were associated with lower HM expression as measured as a proportionate volume compared to mothers who had greater support. 18 The support of family and friends, in particular, was associated with an increased frequency of HM expression 17 and duration 14 in mothers with infants in the NICU. In light of this conflicting literature, we were perplexed as to why, despite our subjects listing their mothers as a supportive person in their decision to provide HM, this support correlated negatively with HM feeding at discharge, especially in younger and unmarried mothers (data not shown). Although previous studies have examined the relationship between young mothers and their own mothers as it relates to stress and development of parenting skills, to our knowledge, these studies have included 
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only populations of mothers of healthy term infants. For example, Arnold et al. found that a majority of women reported caregiving structures other than the infant's mother and father, with the most common pair being the mother and maternal grandmother. 27 Mothers coparenting with their own mothers were more likely to experience parenting stress and child dysfunction compared to mothers coparenting with the father of the baby.
In a study looking at first-time, unmarried black mothers, intergenerational coresidence correlated with increasing stress for black mothers, whereas nonintergenerational households (still with intergenerational contact) were associated with decreasing stress. 28 In addition, Black and Nitz examined a population of urban, low-income, first-time adolescent mothers residing with the maternal grandmother of the infant and found that the coresiding grandmother appeared to facilitate more support for the adolescent role (e.g., mothers were more likely to remain in school), than for the maternal role; thus suggesting that the support of the maternal grandmother was primarily directed toward facilitating the mother's growth and development. 29 Similarly, literature specifically focused on black mothers of primarily term infants demonstrates that the opinion of the mother's mother is very important. 30 While some black mothers report that their mothers encourage breastfeeding, 31 others report the opposite experience with mothers disapproving of breastfeeding. 32 An intergenerational factor specific to black women is the long-lasting impact and legacy of slavery that may negatively impact HM provision for black women as generations of black women were raised with limited breastfeeding role models or exposure to breastfeeding. [32] [33] [34] [35] This historical context may impact current mothers of VLBW infants, but the maternal grandmothers are even more likely to be influenced by this history, which may directly or subconsciously impact their role in supporting their daughters in providing HM. In addition, black mothers and/or maternal grandmothers may still positively associate formula with a sign of wealth and status. 35, 36 Interventions that seek to support young mothers may wish to focus on this complex relationship, with its benefits and challenges, between the infant's mother and maternal grandmother, 27,37 especially when breastfeeding is not an experience that has been shared by the grandmother in her own parenting history.
In our cohort, WIC eligibility was a significant negative predictor of HM feeding at discharge, similar to other investigators that have demonstrated a negative effect of lowincome status on HM provision. 10, 38 This relationship likely reflects an effect of economic status rather than a reflection of WIC lactation support because mothers in this study received intensive lactation care in the NICU where the study was conducted. Surprisingly, many other commonly accepted factors thought to predict HM feeding at discharge were not significant predictors in our cohort, including previous experience with breastfeeding, 15, 30 formula, 16 or return to work/school. 17 However, we collected only mothers' plans to return to work/school since we did not have confirmatory data to discern if mothers actually did or did not return to work/ school for all subjects. In addition, maternal education 15, 18 and number of children in the home 10 were not significant predictors for HM feeding at discharge. The lack of effect of maternal education is surprising, but may also have been partially due to an interaction between race/ethnicity and education, since Hispanic mothers were more likely to have less than high school education, but provided HM feeding at discharge at rates similar to white mothers. However, no effect of maternal education was detected in the racial/ethnic subgroup analyses. We speculate that the lack of impact of maternal education was partially mitigated by the intensive lactation care received by our study cohort in the NICU.
Limitations
A limitation of our study was that mothers were less likely to give definitive answers for persons who did not support their breastfeeding choice than those who did support their choice. Nonsupport may be more subtle and difficult to identify, yet may still negatively impact HM provision. Further limitations include that the measure of support involved the mother's perception of support as well as the fact that support was measured early in the immediate postbirth and represented a snapshot, not the dynamic nature of interpersonal relationships. A potential limitation is the time interval between the latest feeding goal and infant discharge, which on average was 1 month, but varied based on visitation patterns and timing of decision to exclusively feed formula. However, we anticipate that collecting feeding goals immediately before discharge would only strengthen the relationship between goals and HM feeding at discharge. Another limitation is the potential impact of maternal milk production on goal setting, in that mothers with lower milk volume may have lower HM feeding goals. This analysis was focused on social factors, but future studies will incorporate multiple categories of factors, including pumping and milk volume characteristics, which may impact HM feeding at discharge. Also, our data do not include information about nativity, which may affect breastfeeding initiation in low-income mothers, with greater initiation rates in immigrant mothers than U.S.-born mothers. 39 
Conclusions
This study adds value to the existing literature by examining non-NICU factors that may influence HM feeding at NICU discharge in VLBW infants. In our urban NICU with extensive in-NICU lactation care, 40 many black mothers of VLBW infants did not meet their HM provision goals at the time of NICU discharge, despite exceptionally high initiation rates. We identified significant factors that merit further study, specifically maternal goals for HM provision, intergenerational relationships, and the social support networks resulting from these relationships. Future research should target interventions that focus on early, prepregnancy establishment and subsequent maintenance of HM feeding goals through to NICU discharge, with particular attention to black and/or economically disadvantaged women.
